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METHOD AND DEVICE FOR CONTROLLING WHEEL BRAKES 
OF A MOTOR VEHICLE 

FIELD OF THE INVENTION 

The present invention relates to a method and a device for 
controlling wheel brakes of a vehicle. 
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BACKGROUND INFORMATION 

In European Patent No. 0 375 708, corresponding to US Patent 
No. 5,129,496, an implementation of an automatic parking brake 
p by suitable control of a- braking system is discussed. To do 
1(^~ SO, if the brake pedal is depressed and the vehicle speed 
?y drops below a very low speed value, ' the braking pressure is 

locked in, i.e., maintained at a constant level or optionally 
f5 increased in at least one wheel brake via the operation of 

pressure-generating means, by switching at least one valve in 
15f at least one wheel brake. The locked-in braking pressure is 
nj reduced again when it is recognized that the driver wishes to 
Iff perform a standing start. 

In German Published Patent Application No. 196 21 628, 
20 corresponding to U.S. Patent No. 6,009,984, is discussed an 

automatic parking brake function (hillholder function) , which 
is activated when the vehicle comes to a stop with the service 
brake engaged. The braking pressure or braking force then 
prevailing is maintained or increased in at least one wheel 
25 brake, irrespective of the extent to which the brake pedal is 
depressed, and is then reduced again when the brake pedal is 
released. Such a hillholder function eliminates extensive 
safety measures. To support standing starts, on slopes, for 
example, when the brake pedal and clutch pedal are pressed 
30 simultaneously, the clutch pedal takes over the activation or 
deactivation of the hillholder function when the brake pedal 
is released. Since this device takes into account only one 




special standing start operation in which the brake pedal and 
clutch pedal are pressed simultaneously at least at one point 
in time, not all standing start operations, e.g., a standing 
start on a slope or with the parking brake engaged, are 
5 optimally handled. Therefore, the device cannot be used 
universally - 

In German Published Patent Application No. 196 25 919, 
corresponding to U.S. Patent No. 6,056,373, is discussed a 
10 creep suppression in which, with a vehicle standing still and 
nonetheless a movement of the vehicle being recognized, an 
increase in the braking effect takes place independently of 
the driver, in particular by an increase of braking pressure 
(□ via the activation of a supply pump. This design approach also 
13% includes a standing start aid in which when the accelerator 
iij pedal is pressed and a specified threshold for the delivered 
Y: engine torque is exceeded, the braking pressure required to 
\f= hold the vehicle is reduced. Here also, not all standing start 
I""' situations may be optimally taken into account. 

|j| SUMMARY OF THE INVENTION 

ly An exemplary embodiment and/or exemplary method of the present 
^ inventions are directed to the activation of the standing 

start aid or the hillholder function, as a function of the 
25 slope of the road and/or with an engaged parking brake 

optimizes standing start situations in which the vehicle may 

roll backwards. 

It may be of a particular advantage that in vehicles with 
30 manually shifted transmissions, the driver is largely relieved 
of the complex interaction of hand brake, accelerator pedal 
and clutch during a standing start operation, in particular if 
he is starting on a slope. For that reason, the standing start 
aid may be advantageously activated when it is actually 
35 needed, namely when a positive slope of the road is present in 
the vehicle's direction of travel. The standing start aid is 
thus active when the road rises in the direction of travel. 
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The result is a very good support in a standing start without 
undesirable side effects, which can adversely affect the ease 
of driving in other situations. A gain in safety may be 
attained for the inexperienced driver when making standing 
starts on slopes and a gain in ease may be attained for the 
experienced driver . 

Even after a short period of familiarization with the standing 
start aid, relieving the driver of its use during the standing 
start operation might make the parking brake superfluous 
except for parking the vehicle. 

The operational reliability may be provided in a particularly 
advantageous manner in that the function is only active if a 
gear is engaged. This is used as a sign that the driver is 
ready to brake. Thus, in the event that the standing start aid 
fails, e.g., in a breakdown of the vehicle electrical system, 
it is ensured that the driver holds the vehicle with the aid 
of the service brake and/or the parking brake. 

In addition, it is ensured that the vehicle is held over an 
extended period of time without pressing the brake pedal. If 
the vehicle begins to creep away due to leaks or a gradual 
release of the brakes, the braking pressure is increased 
automatically independently of the depression of the brake 
pedal to prevent such creep. 

It is of particular significance that taking the signal of a 
slope sensor as well as the operating state of the drive unit 
into account makes it possible to determine a suitable release 
time, resulting in a standing start aid which altogether has 
greater ease of use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an exemplary control device for the braking 
system of a vehicle in which the standing start aid or 
hillholder function described below is implemented. 




Figure 2 shows an exemplary method of the starting aid or the 
hillholder function as a flow chart, which provides an 
implementation of the above-named functions as a program of a 
computer of the control unit for the vehicle braking system. 
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Figure 3 shows another exemplary method of the starting aid or 
the hillholder function as a flow chart, which provides an 
implementation of the above-named functions as a program of a 
computer of the control unit for the vehicle braking system. 
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DETAILED DESCRIPTION 

Figure 1 shows a control unit 10 for controlling the braking 

system of a vehicle. This control unit 10 includes an input 
p circuit 12, at least one microcomputer 14 and one output 
15^^ circuit 16. The input circuit, microcomputer, and output 

Id circuit are connected together for the mutual exchange of data 
\[; using a communication system 18. Input lines (which may be a 
in bus system, e.g., CAN) connect various measuring instruments 

to input circuit 12. A first input line 20 leads from a brake 
2Q3 pedal switch 22 to control unit 10 and transmits a brake pedal 
p switch signal BLS to it. Input lines 24 to 27 connect control 
|y unit 10 with wheel speed sensors 28 to 31, via which signals 

relating to the speeds of the vehicle's wheels are supplxed. 

25 Moreover, additional input lines 32 to 35 are provided via 
which at least the following values from corresponding 
measuring instruments or other control systems are 
transmitted: an actuation value a of an accelerator pedal or 
of an engine control unit sends the information as to whether 

30 the accelerator pedal is pressed or not; a switching signal 

which indicates that a parking brake is engaged; a value GANG 
which provides the information concerning an engaged gear; a 
value M from an engine control which represents a measure for 
the set engine torque and/or the engine torque to be set 

35 and/or a value NMOT which represents the speed of the drive 

unit; a value which indicates if the drive unit of the vehicle 
is running. In addition, an input line 50 is provided which 
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connects control unit 10 with a slope sensor 52. The latter 
outputs a signal from which the slope of the road and its 
direction is derived. 

Output lines are attached to output circuit 16 of control unit 
10 which activate the control elements for the control of the 
vehicle's wheel brakes. In the exemplary embodiment, the 
braking system is a hydraulic braking system so that output 
lines 40 lead to valves 42 for controlling the braking 
pressure in the individual wheel brakes, while optionally at 
least one pressure-generating means 46 (pump) for the 
individual brake circuits is activated via output lines 44. At 
least one control valve 48 is activated via output line 46, 
the control valve holding the braking pressure constant when 
the brake pedal is depressed for the purposes of the described 
hillholder function. In the embodiment, this is at least one 
control valve, the switching valve provided for the 
implementation of the traction control system, which 
interrupts the connection between the brake master cylinder 
and the wheel brakes. Instead of this valve, the braking 
pressure is also locked in by valves 42 which control the 
wheel braking pressure. Depending on the design, braking 
pressure lock-in takes place in all or in selected wheel 
brakes . 

The above-described embodiment is not limited to the 
application with one specific type of braking system. The 
device with the corresponding advantages is thus also used 
with air-brake systems or in combination with 
elect rohydraulic, electromotive and /or elect ropneuma tic 
braking systems. In this connection, the braking force set by 
the brake pedal operation specified by the driver via 
conventional brake lines or by electrical means is maintained 
or increased at individual wheel brakes using an active 
hillholder function by the switching of valves and possibly 
pumps and/or using constant control signals, by the switching 
of control signals to specific values or by the operation of 



clutches. In electromotive braking systems in particular, the 
electromotive brake controller is activated via electrical 
control signals to apply a specific braking force or is locked 
in a specific position- 
In another exemplary embodiment, control unit 10, in this case 
microcomputer 14, implements at least one traction control 
system and optionally in addition a driving dynamics control 
program by controlling the vehicle's braking system. Such 
controls may be available from the related technology. In 
addition, the following described standing start aid or 
hillholder function is provided as a supplemental function 
which, in addition to a parking brake effect, is also used as 
a standing start aid on slopes and/or as creep suppression. 

The described standing start aid or hillholder system is 
intended to free the driver of a vehicle having a manually 
shifted transmission from using the hand brake when making a 
standing start on a slope. This is attained in such a way that 
by locking in the braking pressure applied by the driver, 
i.e., maintaining the applied braking pressure (brake 
application force) , the vehicle is prevented from rolling 
backwards until the actual standing start operation. This 
occurs when the slope measured, for example, by a slope 
sensor, is positive in the direction of the standing start, 
i.e., it must be feared that the vehicle will roll backwards 
against the expected direction of travel. A similar operation 
is carried out with the parking brake engaged and the service 
brake not depressed. In this case, since as a rule, no braking 
force obtained from the driver can be locked in, the vehicle 
is also held in place via an active buildup of braking force 
when the parking brake is released until the driver starts to 
drive ahead or the gear is disengaged. 

In the embodiment of the standing start aid or of the 
hillholder, the closing of valves, the switching valves in 
particular, locks in the braking pressure applied by the 




driver in the wheel brake calipers. Preferably, this takes 
place in all the wheels of the vehicle to reliably prevent the 
vehicle from rolling backwards. The closing of the valves and 
accordingly the locking in of the pressure take place if the 
5 activation condition is present. This assumes that the driver 
has depressed the brake pedal and the vehicle has come to a 
complete stop. The former is determined by the switching state 
signal or by a brake pedal actuation signal (e.g., from a 
potentiometer) ; the latter is determined on the basis of at 
10 least one wheel speed, e.g., in the manner discussed above. 
Moreover, the slope in the direction of the standing start 
must be positive, the engine running, and/or one gear step or 
one gear must have been engaged. In place of the condition of 
Q the engaged brake, active pressure is built up in the wheel 
15"^ brakes by activation of a pump if the parking brake is engaged 
y and the above-mentioned conditions are present except for the 
72 depressed brake pedal . 

In the exemplary embodiment of a hydraulic braking system 
2(P having a hydraulic unit intended for the active buildup of 
\Tb braking pressure independently of the driver, upon being 

iW activated, the braking pressure is locked in via the flow of 

P 

fluid through at least one reversing valve which prevents a 
back flow of the brake fluid from the wheel brake cylinders. 

25 Non-return valves located in parallel to the switching valves 
make it possible for the driver to increase the braking 
pressure even with the valves closed. The locked-in braking 
pressure is again released by opening the reversing valves if 
the deactivation conditions are present. Examples of such 

30 hydraulic systems may be available from the related 
technology. 

If a leak or other pressure losses occur during the time the 
braking force is maintained, the pressure loss is again 
35 compensated via the activation of a pump, which may be a 

return pump, and of valves which permit the inflow of brake 
fluid. This is primarily the case when the vehicle is held for 
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an extended period of time by the standing start aid or 
hillholder without pressing the brake pedal. Depending on the 
embodiment, the buildup of braking pressure then occurs if the 
braking pressure falls below a specified limit or if it is 
5 detected that the vehicle is creeping away. The latter is 
determined, for example, on the basis of the wheel speed 
signals which sense a movement of the vehicle. If this is the 
case, in the embodiment, the wheel braking pressures are 
increased by a brief, slight operation of the return pump. 
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It is concluded from the stopping operation how much surplus 
braking pressure was used to brake to a standing position 
(pulse set) . Then the pressure loss in the braking system is 
P simulated via a leakage model (as a rule non-linear, e.g., a 
I5r== pressure-dependent e-function) . If the pressure estimated in 
Im this manner approaches a pressure critical for starting to 

m 

1^ roll, the pressure is increased without vehicle movement 
|y (preventive leak compensation) . The pressure critical for 

starting to roll is specified- This procedure is "learned" in 
2(P the following manner: 

m 

nj - If unanticipated, premature rolling occurs, the estimate of 
the leak is too imprecise. The leakage value of the simulation 
is increased, i.e., at least one factor in the leakage model 
is changed, e.g., in the case of an e-function, a factor 
25 describing dependence on time. 

- If, due to the preventive leak compensation, no rolling 
occurs, this leakage value is gradually reduced since the 
leakage model may possibly estimate too great a leak. 

30 The braking pressure is reduced if the deactivation conditions 
are present. The suitable release time is believed to be 
and/or may be critical for the ease of the standing start aide 
or of the hillholder. This release time is obtained from the 
information of the slope sensor and the electronic engine 

35 management system. The latter supplies performance quantities 
such as engine torque (desired by the driver or presently 
produced) , information regarding the accelerator pedal 
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position and/or the engine speed. Release takes place when the 
engine is taken out of gear, the slope in the standing start 
direction (forward or reverse gear) is no longer positive or 
the driver wishes to make a standing start. A desire for a 
5 standing start by the driver is present if the brake has been 
released and sufficient engine torque has been built up to 
propel the vehicle forward against the existing slope of the 
road. This means that a threshold value is formed as a 
function of the magnitude of the slope of the road, the 

10 locked-in braking pressure or the maintained braking force 
being released if the torque of the drive unit exceeds this 
threshold value. The operation of the accelerator pedal is 
analyzed depending on the embodiment, and the engine speed, 
p the desired and/or actual torque of the drive unit is compared 

15'^ with a specified, slope-dependent threshold. 

M 

1^ In the exemplary embodiment, the above-described function is 

|ii implemented as a program of the computing unit of the control 

unit for the control of the braking system, the program being 

203 stored in a memory within or outside the computing unit or 
IP 

pi being supplied from an external memory. An example of such a 

IIj program is described on the basis of the flow charts of 

1^ Figures 2 and 3. 

25 Locking-in of the braking pressure will be described below in 
connection with the standing start aid or the hillholder 
function. In particular with a view toward systems without 
pressure medium, this may be understood as the brake 
application force applied to the wheel brake, here called 

30 braking force. 



The program shown in Figure 2 runs in predetermined time 
intervals with the supply voltage switched on when the 
standing start aid or hillholder is not active. This is 
35 determined on the basis of a flag. In the first step 100, it 
is checked as to whether the drive unit is running. 
Subsequently in step 102, if the drive unit is running, it is 
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checked as to whether the vehicle is completely stopped. This 
takes place, for example, on the basis of the wheel speed 
signals. In the event of a yes response, it is checked in the 
subsequent step 104 as to whether a gear is engaged. This may 
be a forward gear or a reverse gear. If a gear is engaged, on 
the basis of the information from a slope sensor and possibly 
the gear information, in the subsequent step 106, it is 
checked as to whether there is a slope pointing in the 
direction of travel, i.e., whether the vehicle must start to 
travel against the slope. If this is the case, it is checked 
in step 108 as to whether the brake pedal is depressed. If 
this is also the case, according to step 110, the standing 
start aid or the hillholder is activated by, for example, 
switching valves as described above and locking in the braking 
pressure prevailing in the wheel brakes as a consequence of 
pressing the brake pedal. 

If, according to step 108, the brake pedal is not depressed, a 
check is made in step 112 as to whether the parking brake is 
engaged instead. This is done by analyzing a corresponding 
switching signal. If the parking brake is engaged, the 
standing start aid or hillholder is activated in step 114, 
active pressure being built up in the wheel brakes. This may 
take place by activating a pump which builds up a specific 
pressure in the wheel brakes. If a no response is the result 
of steps 100, 102, 104, 106 or 112, the function is not 
activated. In this case, the program is terminated and run 
again at the next time interval. After steps 110 and 114, the 
active flag is set and the program according to Figure 3 is 
run, also in predetermined time intervals. 

In the first step 200, a check is made as to whether the brake 
pedal or the parking brake is released. If this is not the 
case, the system is in standing start aid or hillholder 
operation. This means that the valves are activated in such a 
way that the braking pressure is maintained or the brake 
controller is activated in such a way that the braking force 
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applied by the driver or the braking force applied 
independently of the driver is maintained- If a pressure or 
braking force drop is recognized in step 202, which is 
recognized, for example, on the basis of the measured braking 
pressure or the measured braking force and/or by the speed 
signal on the basis of rolling backwards, then pressure is 
built up according to step 204. After step 204 or in the case 
of a no response in step 202, the program is terminated and 
run again at the next time interval. 

If it was determined in step 200 that the brake pedal is 
released, then in step 206 the variables supplied by the 
engine control, engine torque (desired and/or actual torque) 
Mmot and accelerator pedal position a, and optionally engine 
speed Nmot are read in. It is determined from at least one of 
these variables in step 208 whether the driver desires to make 
a standing start. This takes place in such a way that, for 
example, based on the accelerator pedal position signal, it is 
checked whether the accelerator pedal has been operated. In 
addition, a limit value for the engine torque and/or the 
engine speed as a function of the slope of the road is 
present . 

If the engine torque and/or the engine speed specified by the 
driver or generated by the drive unit exceeds this limit 
value, then a desire for a standing start must be assumed. 
This is because the engine torque set by the driver or the set 
speed is sufficient to overcome the slope of the road and to 
move the vehicle against this slope. 

If the desire for a standing start was thus recognized, then 
according to step 210, the standing start aid or the 
hillholder is deactivated and the pressure is reduced. This 
takes place by activation of the brake controllers, which 
reduce the braking pressure or the braking force either 
abruptly or in a metered fashion, for example, in accordance 
with a time function. After step 210 the program is 



terminated, the ^"non-active" flag is set and the program 
outlined in Figure 2 is run. If step 208 did not indicate the 
desire for a standing start, then in step 212, a check is made 
as to whether a neutral gear was selected. If this is the 
case, step 210 follows; otherwise a check is made in step 214 
as to whether the slope of the road is, no longer positive in 
the direction of travel (e.g., change of gears from forward to 
reverse) . If this is the case, step 210 follows and the 
function is deactivated, while in the event of a no response, 
step 202 follows. Query step 200 and accordingly also the "no 
branch" are eliminated in one embodiment, in particular, if a 
comfortable braking pressure reduction design is desired for 
the driver and/or if a braking system with active pressure 
buildup is present. 

The above-named conditions for the deactivation are used 
individually or in any desired combination, depending on the 
design. The above-named conditions which supplement the 
condition of the positive slope of the road or that of the 
engaged parking brake are used in any desired combination for 
at least one of these conditions, depending on the design. 



